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Introduction: the cause of thromboangiitis obliterans (TAO) still remains unknown. We have reported that immunologic
injury associated with T lymphocytes infiltration might be the initial etiologic mechanism in TAO. The present study was
undertaken to examine further the mechanism of immune injury.
Methods: arterial walls affected by TAO were obtained from eight patients with eight non-pulsatile arteries and one patent
artery. Immunohistochemical and TUNEL studies were performed for phenotyping of the infiltrating cells with CD4 (helper
T cell), CD8 (cytotoxic T cell), CD56 (natural killer cell), and CD68 (macrophage), for identification of cell activation with
VCAM-1 and i-NOS, for the presence of cell death with TUNEL analysis, and for inflammatory cytokine detection with
RT-PCR.
Results: the characteristic features were luminal obliteration, together with a varying degree of recanalization. T cells
infiltrated mainly in thrombus, intima, and adventita. Among infiltrating cells, CD4 T cells greatly outnumbered CD8
cells. VCAM-1 and i-NOS were expressed in endothelial cells around the intima (patent segment) or vaso vasorum
(occluded segment). Endothelial cells in vaso vasorum stained positive with TUNEL. Interferon-g mRNA was detected in
two specimens.
Conclusions: our results suggest that T cell mediated immune inflammation is a significant event in the development
of TAO.
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Introduction
Thromboangiitis obliterans (TAO) known as Buerger's
disease is a nonatherosclerotic segmental inflamma-
tory disease that most commonly affects the small-
and medium-sized arteries and veins in both the
upper and lower extremities. The specific pathological
mechanisms that are responsible for the development
of vascular lesions in TAO are still unknown. The role
of intravascular thrombosis, inflammation, and the
association with smoking suggest that endothelial
cells and possibly endothelial cell activation are
involved in the pathogenesis of TAO. Recent studies
focus on possible autoimmune mechanisms including
detection of various autoantibodies and cellular sensi-
tivity to vascular components in TAO.1±3 Pathologic-
ally, TAO is a vasculitis with a highly cellular and
inflammatory thrombus.4 TAO differs from most
forms of vasculitis in that the usual immunologic
markers are normal or negative even though an
immune reaction has been demonstrated in the
arterial tissue.5 In our previous immunohistochemical
study, the most prominent morphological finding was
severe change of the internal elastic lamina with baso-
philic degeneration and T lymphocyte infiltration.6
Intimal inflammation followed by T cell infiltrations
might result in early arterial occlusion, which is the
pathognomic finding in TAO.
Inflammatory cytokines such as interferon-g, inter-
leukin (IL), and tumor necrosis factor-a produced by
macrophages, lymphocytes, and/or endothelial cells
are responsible for endothelial cell injury.7 In addition,
activated T lymphocytes initiate cell injury by
two pathways including Fas±Fas Ligand (FasL) inter-
action or perforin secretion as a death-promoting mol-
ecule.8 In some situations, large amounts of nitric
oxide can be synthesized via induction of inducible
nitric oxide synthase (i-NOS) in several types of cells
stimulated with inflammatory cytokines and/or lipo-
polysaccharides, which may exert cytotoxic effects
and lead to tissue injury, as shown in several injury
models.9±12
In this study, we examined for further evidence
of T cell mediated immune injury including
immunophenotypic analysis, cell activation marker,
the presence of apoptosis, and inflammatory cytokine
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expression. The present study suggests a potential link
between endothelial cell injury triggered by activation
of the immune cells and early arterial occlusion.
Patients and Methods
Patients and tissue specimens
We analyzed surgical biopsies obtained from eight
non-pulsating artery segments and one patent artery
from eight patients who underwent bypass surgery
for TAO at the Seoul National University Hospital,
Seoul, Korea. Every patient was a heavy smoker and
the clinical diagnosis was made on the basis of clinical
criteria; smoking history, onset before the age of 50
years, infrapopliteal arterial occlusive lesions, either
upper limb involvement or phlebitis migrans, and
absence of atherosclerotic risk factors other than smok-
ing. The clinical profiles of these cases are summarized
in Table 1. For comparison with a normal artery, two
iliac arteries were obtained from an organ donor.
Immunohistochemical analysis
All tissues were snap frozen in liquid nitrogen and
stored at ÿ 70 °C. Consecutive sections of 5 mm thick-
ness were air dried and analyzed by standard avidin±
biotin complex (ABC) immunoperoxidase technique
or immunofluorescence. T Lymphocyte subsets were
identified using anti-CD4 (Dako, MT310, Denmark)
and anti-CD8 (Dako, DK25, Denmark). Natural killer
cells were identified with CD56 (Dako, T199,
Denmark) and macrophages were identified with
CD68 (Dako, KP1, Denmark). VCAM-1 (Pharmingen,
La Jolla, CA), perforin (Pharmingen, La Jolla, CA),
i-NOS (Affinity, Golden, CO) were used as immune
markers of inflammatory injury. Cryostat sections of
arterial walls (5 mm) were incubated with the primary
antibodies appropriately diluted in phosphate buf-
fered saline for 2 h. Afterwards, they were incubated
with an appropriate secondary antibody for 20 min
and treated with peroxidase-labeled ABC for 30 min.
3,30-Diaminobenzidine was used as a chromagen to
visualize the immunological reaction. For the immuno-
fluorescence staining, the samples were incubated
with FITC-labeled secondary antibodies for 30 min at
room temperatures in the dark. Following subsequent
washes in PBS, the slides were counterstained with
propidium iodide/antifade, and mounted in fluores-
cence mounting media.
TUNEL staining
Paraffin sections of arterial tissue were deparafinized
by immersing the slides in xylene twice for 5 min and
then rehydrated in 100, 95, 75, and 0% ethanol for
3 min each. After rehydration, sections were washed
in PBS containing 0.5% H2O2 to inactivate endogenous
peroxidase, and then incubated with 20 mg/ml of pro-
teinase K in PBS. DNA fragments in the tissue sections
were determined using an ApoTag in situ apoptosis
detection kit (Oncor Inc., Gaitersburg, MD). The label-
ing procedure was carried out following the manufac-
turer's instructions with minor modifications. After
TUNEL, counterstaining was performed by immer-
sing the slides in 0.5% methyl green in 0.1 mol/L
sodium acetate solution (pH 4.0) for 5 min at room
temperature.
Reverse transcription±polymerase chain reaction
Arterial segments were immediately frozen in liquid
nitrogen and stored at ÿ 80 °C. The procedure used
for total RNA extraction and RT-PCR has been
described.12 The following oligonucleotide primers
Table 1. Clinical data of patients with Buerger's disease.
Study cases Sex/Age Chief complaint Biopsy site Name of the operation
Patient
1 M/30 Necrosis, right toe Popliteal a Femorotibial bypass
2 M/43 Ulcer, right toe Femoral a Femorotibial bypass
3 M/20 Pain, right foot Femoral a Femoropopliteal bypass
4 M/41 Ulcer, right toe Tibial a Popliteotibial bypass
5 M/42 Necrosis, left toe Popliteal a Femorotibial bypass
6 M/35 Ulcer, left toe Popliteal a Femorotibial bypass
7 M/43 Pain, left foot Iliac a Iliofemorotibial bypass
8 M/32 Ulcer, left toe Tibial a Popliteotibial bypass
Control
1 M/23 Head traum Iliac a Organ harvest
2 M/33 Head traum Iliac a Organ harvest
Composite graft.
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were used to analyze for cytokine mRNA expression
by polymerase reaction amplification (denaturing
for 2 min at 94 °C, annealing for 2 min at 55 °C,
and extension for 1 min at 72 °C, for 30 cycles): IL-2
(50-ACTCACCAGGATGCTCACAT-30, 50-AGGTATC-
CATCTGTTCAGA-30), interferon-g (50-ACCTTAAGA-
AATATTTTAATGC-30, 50-TGAAGAGTCTGAGATTC-
CAGTT-30). Amplification products were verified in
2% agarose gels by ethidium bromide staining.
Results
Histological findings
The characteristic feature was luminal obliteration by
inflammatory cells with a varying degree of recanali-
zation. There were chronic lesions in seven, subacute
lesions in one, and skipped lesion in one. The occlu-
sive thrombi were organized and recanalized with
marked inflammatory cell infiltration (Fig. 1a). Signifi-
cant numbers of lymphocytes were present along the
internal elastic lamina (Fig. 1b). One patent arterial
segment from a skipped lesion adjacent to an occlu-
sive lesion showed intimal thickening with marked
lymphocyte infiltration (Fig. 3a,b). In three specimens,
mild to minimal fibrosis was present in the media.
In the remaining specimens, the muscular layer was
completely normal.
Immunohistochemical findings
We analyzed the phenotype of infiltrating cells identi-
fied in our specimens. CD4 T cells, which recognize
the helper/inducer subsets of T cells, were more
frequently observed than CD8 cells, which recognize
the suppressor/cytotoxic subset of T lymphocytes
(Fig. 2a,b). CD56 cells, which define the natural killer
(NK) cells, were scanty (Fig. 2c). CD68 cells, which
define the macrophage, were observed in thrombi
and intima in subacute lesions (Fig. 2d). The relative
distribution of phenotypic markers among the infil-
trating cells in each patient is summarized in Table 2.
We also examined for the presence of endothelial
activation markers, such as VCAM-1 or i-NOS, and
the presence of direct T cell mediated injury, such as
perforin or Fas ligand expression. VCAM-1 and i-NOS
was expressed in endothelial cells of the patent arter-
ial segment (Fig. 3a,b). i-NOS was also strongly
expressed in capillary around adventitia of the
occluded arterial segment (Fig. 3c). i-NOS was identi-
fied in six arteries in the endothelial layer as well as
the vaso vasorum. VCAM-1 immunoreactivity was
not observed in the vascular wall of occluded artery
specimens. Perforin and FasL were not detected in all
(a) (b)
Fig. 1. Organizing thrombus is seen in the lumen. A remarkable cell infiltration is observed in the thrombus and intima (a). A dense linear
collection of inflammatory cells along internal elastic lamina is associated with localized edema (b).
Table 2. Results of Phenotypic analysis.
Cases Antibody
CD4 CD8 CD56 CD68
Pt. 1 1 1
Pt. 2 1 1
Pt. 3 1 1 1
Pt. 4 2 1 1
Pt. 5 2 2 1 1
Pt. 6 1 2 1
Pt. 7 3 2 1 1
Pt. 8 3 1 1 1
: Negative
1: 1±10% positive of infiltrating cells.
2: 11±20% positive of infiltrating cells.
3: more than 20% positive of infiltrating cells.
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(a)
(c)
Fig. 3. Photomicrographs taken from a skipped lesion in a patient with TAO: intense i-NOS immunoreactivity in the thickened intima (a);
VCAM-1 immunoreactivity in the intima (b); i-NOS immunoreactivity shown in the capillary (c).
(a) (b)
(c) (d)
Fig. 2. Cell infiltration in the vessel wall showing immunohistochemical staining for CD4 (a), CD8 (b), CD56 (c), and CD68 (d). Arrowhead
indicates each representative cell. CD4 T cells predominate over CD8 T cells (a, b).
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(b)
arterial tissues of our study (data not shown). The
control iliac arteries had no detectable T cell subsets
and fewer CD 68 macrophages. Immunohistochemical
study with control arteries for VCAM-1 and i-NOS
were also negative (data not shown).
TUNEL analysis
Using the TUNEL method, scattered positive staining
was detected in the infiltrating cells of the vascular
wall in six specimens. On closer observation, the
TUNEL-positive nuclei were detected in the layers of
the media or adventitia (Fig. 4a). Although we did not
perform cell specific staining, some of these TUNEL-
positive nuclei were presumed to be endothelial cells
around capillaries (Fig. 4b,c). No TUNEL-positive cell
was observed in normal arteries (data not shown).
Expression of TH1 cytokine
To ascertain whether T cell specific mRNA can be
found in the arterial tissues in patients with TAO,
polymerase chain reaction amplification with the pri-
mer set was performed. Among eight arterial tissues,
RNA was retrieved in only four tissues. The presence
of interferon-g mRNA was detected in two among
four samples (Fig. 5). IL-2 mRNA could not be
detected in any samples.
Discussion
Consistent with the data from earlier publications,6
the present study confirmed that T lymphocytes infil-
trate the vascular wall of patients with TAO. Our
immunophenotypic analysis of infiltrating cells
Fig. 4. Detection of apoptosis by the TUNEL method. Scattered TUNEL positive cells are seen in adventitia by immunofluorescence staining
(a) A large amount of TUNEL positive cells are observed in endothelial cells of the capillary in the adventitia layer (b), (c).
S          1           2          3        4
β actin
Interferon γ
Fig. 5. Interferon-g mRNA expression in artery specimens using
polymerase chain reaction. Lanes 1±4 represent specimens from
patients with TAO. S indicates the size marker.
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(a) (b)
(c)
demonstrated that CD4 cells were the predominant
cell type and were located in the intima and outer
media in occluded arteries (Fig. 2a). Based on the
observation of a single patent artery in a patient with
TAO, we noted that CD4 cells infiltrated in the intima
and adventitia around endothelial cells. These cellular
infiltrate CD4 cells, CD8 cells, macrophages, natural
killer cells in the vascular wall strongly suggest that
TAO is a vasculitis, which is immunologic in etiology.
The CD68 macrophage, thought to play an important
role in the antigen presentation, was readily observed
in the thrombus and intima and less frequently in
adventitia (Fig. 2d). CD8 cells and natural killer cells
play a major role in cell mediated cytotoxicity.13 Cyto-
toxic T lymphocytes are activated upon binding with
the antigen presenting cells that present the major
histocompatability complex (MHC-1). After cell±cell
interaction, the killer cells injure the target cells
through the action of soluble cytoplasmic granules or
Fas dependent cell killing. A number of studies pos-
tulate that lymphocyte mediated cytotoxicity is
involved in the pathogenesis of giant cell arteritis,14
Takayasu's arteritis,15 lupus,16 and abdominal aortic
aneurysm.17 The present study demonstrates that CD4
T cells are the dominant cell type, whereas CD8 T cells
and natural killer cells are less frequent. There is some
discrepancy between our findings and another study.
Kobayashi et al.5 reported that immune reaction in
TAO was restricted to the arterial intima. They
observed that CD8 T cells were predominant among
cell infiltration and B cells were present. We speculate
that the difference between these two studies can be
attributed to the difference of biopsy sites, clinical
stage of the patient, and the presence of heterogeneity
in TAO.
The endothelium, which lines the inner surface of
blood vessels, is considered as the main local regulator
of vascular wall homeostasis. The primary immuno-
logic function of the endothelium relevant to the
vasculitic syndrome is the mediation of cell adhesion
and cell traffic, and immunomodulation, which can
be effected by cytokines such as TNF-a or IL-1.18
Leukocyte adhesion molecules are also critically
involved at a number of stages of the immune and
inflammatory responses. They are involved in antigen
presentation in the cascade of events leading to extra-
vasations and in the interactions between the effectors
and target cells. VCAM-1 is an inducible molecule that
mediates endothelial adhesion of monocytes and
T-lymphocytes.19
A recent study20 demonstrated that ICAM-1,
VACM-1, and E-selectin were increased in the endo-
thelium and in inflammatory cells found in the intima
of TAO patients. In our study, VCAM-1 was expressed
in endothelial cells as one of the cellular activation
markers.
i-NOS is usually not constitutively expressed but
can be induced in macrophages and many other cells
including endothelial cells by cytokine stimulation.21
Nitric oxide released from macrophages by i-NOS is
usually cytotoxic to target cells; however, other studies
have reported a compensatory role for i-NOS.11 i-NOS
was strongly expressed in the adventitia of our speci-
mens and is a peculiar finding of our study. We cannot
ascertain the implications of increased i-NOS staining
of endothelial cells. It is interesting to speculate that
this has a vasodilatory role in ischemic states or cyto-
toxic role in vasculitic conditions. A recent study
demonstrated that combined stimulation with inter-
feron-g and tumor necrosis factor-a induced cytotoxi-
city through nitric oxide production by i-NOS
overexpression.22 This finding suggests a causative
role of nitric oxide in tissue injury in TAO. Although
we did not find perforin or Fas ligand expression in
our study, we could not exclude this possibility
because our specimens may represent too chronic to
detect their expression.
To better understand the roles of infiltrating cells,
the TUNEL method was used to detect apoptosis. We
observed that 6 of 8 arterial tissues had TUNEL ()
cells in the outer media and adventitia. Although we
do not perform cell specific staining, most of these
TUNEL () nuclei were presumed to be endothelial
cells around capillaries with only a few smooth mus-
cle cells. TUNEL () cells were not observed in sec-
tions of normal arteries.
Our study was extended to analyze the local pro-
duction of cytokines that are important in the recruit-
ment and regulation of inflammatory cells. Based on
the pattern of lymphokines secreted, CD4 T helper
cells have recently been subdivided into functional
subsets, TH1 and TH2 cells. IL-2 and interferon-g
have been described as the marker lymphokines of
TH1-helper cells. Analysis of our TAO samples
showed that interferon-g was expressed in two
of four specimens and IL-2 was not detected. We
speculate that this might be the chronic stage of the
specimens.
In this study, we observed that most of the tissue
sample had consistent features even if all the tissue
did not show a similar finding. We found that T cell
infiltration, VCAM-1 or i-NOS expression, and
TUNEL () cells were closely located in the intima
or adventitia.
In conclusion, our study suggests that T cell
mediated immunity may play a role in the pathogen-
esis in TAO. From our study, it seems likely that endo-
thelial cell injury is related to early arterial occlusion
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through an immunologic-based mechanism. Further
studies will be needed to identify the nature of the
inciting antigen.
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